Primary mediastinal large B-cell lymphoma is a well-defined lymphoma entity whose molecular pathogenesis is incompletely understood and also lacking well-established diagnostic markers. Recently, the presence of overlapping features between classical Hodgkin's lymphoma and primary mediastinal large B-cell lymphoma was highlighted by gene expression profiling as well as morphological studies. We investigated the expression of TP73L (commonly known as p63) isoforms in primary mediastinal large B-cell lymphoma at both protein and mRNA level, and demonstrated the exclusive presence of transactivating (TA) isoforms in all cases. We also demonstrated that TP73L is expressed in a subset of germinal center B-cells, as well as in some diffuse large B-cell lymphomas, but it is never present in classical Hodgkin lymphoma. Nodular lymphocyte predominant Hodgkin's lymphoma also showed TP73L positivity by immunohistochemistry. Isoform analysis by real-time PCR showed that TA-TP73La is the most represented in primary mediastinal large B-cell lymphoma, but TA-TP73Lc is the most differentially expressed in comparison to both germinal center B-cells and diffuse large B-cell lymphomas. TP73L expression proved a useful diagnostic marker of primary mediastinal large B-cell lymphoma, and gave new insights in to the molecular pathways playing a role in this lymphoma.
Primary mediastinal large B-cell lymphoma is an aggressive non-Hodgkin's lymphoma subtype, [1] [2] [3] [4] [5] [6] recognized as a distinct entity in the WHO classifications of lymphoid 7 and thymic 8 tumors. It affects mainly young adults, with a female predominance; the most common presentation is as a bulky mediastinal mass with frequent superior vena cava syndrome. 9, 10 Primary mediastinal large B-cell lymphoma is considered a germinal-center or post germinal-center-derived lymphoma. [11] [12] [13] Despite a good clinico-pathological definition, and the fact that multiple molecular and cytogenetic alterations have been described, [14] [15] [16] [17] [18] [19] [20] [21] the pathogenesis of primary mediastinal large B-cell lymphoma remains poorly understood. Recently, two groups defined a subset of gene transcripts that distinguish primary mediastinal large B-cell lymphoma from diffuse large B-cell lymphoma, 22, 23 thus concluding an endless discussion about the nosologic distinction between the two entities. These papers also highlighted unexpected similarities between primary mediastinal large B-cell lymphoma and Hodgkin's lymphoma; in accordance with these findings, some authors described the presence of 'gray-zone' lymphomas presenting features intermediate between primary mediastinal large B-cell lymphoma and mediastinal classical Hodgkin's lymphoma. 24, 25 TP73L (as defined by the HUGO nomenclature; also known as p63) is a member of the TP53 family, which also includes TP53 itself and TP73. [26] [27] [28] Unlike TP53, the TP73L gene has two transcriptional starting sites (giving rise either to the transactivating (TA) or to the N-deleted (DN) variants) and its mRNA undergoes complex differential splicing, thus giving rise to at least six different molecular species with different biologic activities. 29 At variance with TP53, mutations of TP73L are rare in human cancer. 30 To date, only two studies 31, 32 have analyzed TP73L expression in a large variety of tumors including small series of lymphomas by immunohistochemistry and real-time RT-PCR. These studies showed TP73L nuclear positivity in a variable percentage of the different classes of non-Hodgkin's lymphomas, with the exception of mantle cell lymphoma and grade I follicular lymphoma. To our knowledge, the expression of TP73L has never been investigated in primary mediastinal large B-cell lymphoma. We analyzed TP73L isoforms in primary mediastinal large B-cell lymphoma by immunohistochemistry, as well as in Hodgkin's lymphoma, that constitute a major differential; 25 for comparison, normal thymuses, reactive lymph nodes and other control tissues were stained; numerous cases of diffuse large B-cell lymphoma were also tested. To further confirm our immunohistochemical data and gain information about TP73L isoform prevalence, we performed an isoform-discriminating RT-PCR on samples of primary mediastinal large B-cell lymphoma, comparing results with both purified germinal center B-cells and diffuse large B-cell lymphoma cases.
Materials and methods

Samples Selection
Pathological samples were obtained from the archives of the Department of Pathology of the University of Verona, and included 13 cases of primary mediastinal large B-cell lymphoma, 34 cases of Hodgkin's lymphoma and 150 of diffuse large B-cell lymphoma. The 34 Hodgkin's lymphomas included six cases of nodular lymphocytepredominant Hodgkin's lymphoma and 28 of classical Hodgkin's lymphoma, four of which were localized to the mediastinum. Control tissues for immunohistochemistry included 10 reactive lymph nodes, 14 normal thymuses, three normal skin samples, four lungs, and two esophagi. Frozen tissue was available for eight primary mediastinal large B-cell lymphomas and 11 diffuse large B-cell lymphomas. Three normal donor tonsils were used for germinal center B cells isolation (described later).
Immunohistochemistry
Consecutive sections of primary mediastinal large B-cell lymphoma and controls were analyzed with three TP73L-specific antibodies: the first (clone 4A4, IgG2a-Santa Cruz Biotechnology, Santa Cruz, CA, USA) reacts with all known variants of human TP73L; the second (p40, Oncogene Research Products, Boston, MA, USA) recognizes all DN-TP73L isoforms; the third (H-129 Santa Cruz Biotechnology) recognizes only a isoforms; 33, 34 this antibody was tested only in primary mediastinal large B-cell lymphomas and in five diffuse large B-cell lymphomas. Only nuclear staining was interpreted as positive. The antibody panel also included anticytokeratin 5 (clone XM26, Novocastra, Newcastle, UK), anti-cytokeratin 34bE12 (Dako, Glostrup, Denmark), anti-CD3 (clone PS1, Novocastra), antiCD1a (clone 010, Immunotech, Marseille, France), antiterminal deoxynucleotidyl transferase (Dako), anti-S100 protein (Dako), and anti-CD20 (clone L26, Dako). Technical details of the staining procedures have been previously described. [33] [34] [35] Double staining was performed as previously described. 34 All samples were processed using a semiautomated staining system (GenoMx i6000, BioGenex, San Ramon, CA, USA).
Germinal Center Cell Purification
Germinal center B-cells were purified from three donor non-neoplastic tonsil tissue by negative magnetic-bead selection (MACS; Miltenyi Biotec GmbH, Cologne, Germany) as previously described. 36 Sorted populations were over 96% purity as demonstrated by flow cytometric analysis using a FACScan cytofluorimeter (BD, San Jose, CA, USA).
Quantitative RT-PCR
Total RNA was extracted by cesium chloride gradient, 37 and checked for integrity by gel electrophoresis. For each sample 1 mg of RNA was reverse transcribed (First Strand cDNA Synthesis kit, Roche, Mannheim, Germany). Real-time quantification was performed by SYBR Green I detection chemistry with SYBR Green PCR Master Mix (PE Applied Biosystems, Warrington, UK) on a 7000 Sequence Detection System (PE Applied Biosystems). Each test gene assay included a cDNA template equivalent to 20 ng of total RNA and a no-template control (in triplicate). As a control of quality and quantity of the RNA, ACTB (b-actin), and GAPD (glyceraldehyde-3-phosphate dehydrogenase) were amplified in parallel with TP73L (data not shown). Primers and conditions were previously described.
34
TP73L absolute expression was evaluated using a standard curve-based method. An absolute standard curve was plotted for each amplicon using serial dilutions of purified template DNA (10, 2, 0.4, 0.08, 0.016 fg). Slopes of standard curves were À3.34 for TA-TP73L, À3.73 for TP73La, À3.57 for TP73Lb, and À3.30 for TP73Lg; correlation coefficients were higher than 0.998. Data were plotted and statistically analyzed using SigmaPlot v8.0 software (SPSS, Chicago, IL, USA). The Student's t-test was used for comparison between data groups.
TP73L in mediastinal lymphomas
A Zamò et al
Results
Immunohistochemistry
All cases of primary mediastinal large B-cell lymphoma showed nuclear reactivity with the 4A4 antibody (all TP73L isoforms) in 30-80% of the neoplastic cells (Figure 1, panel a) , and with the H-129 antibody (specific for the a isoforms), whereas p40 nuclear immunostaining was absent. On the contrary, none of the 28 cases of classical Hodgkin's lymphoma was positive for TP73L (4A4 and p40 antibodies) (Figure 1, panel b) , and, specifically, none of the four cases of mediastinal classical Hodgkin's lymphoma was positive. All nodular lymphocyte-predominant Hodgkin's lymphoma were positive in 10-40% of morphologically recognizable neoplastic cells, at variance with previous reports that showed a lower rate of reactivity in this lymphoma 31 ( Figure 1 , panel c). Residual normal thymic epithelial cells were 4A4 and p40 positive; the epithelial nature of these cells was confirmed by cytokeratin immunostaining on serial sections. Intrathymic B cells showed focal positivity for the 4A4 antibody, as shown by 4A4/CD20 double staining ( Figure 1, panel d) . In diffuse large B-cell lymphoma, TP73L (4A4) was expressed at various levels in 88 patients (59%); most cases expressed the protein in 25-75% of cells. Sixty two patients (41%) stained negative. All diffuse large B-cell lymphoma cases were negative when tested using the p40 antibody; H-129 was tested in a subset of five 4A4-positive cases, and was positive in all, despite a lower technical performance of the antibody.
Real-Time PCR
In accordance with immunohistochemical results, RT-PCR showed a complete absence of the DN isoforms in primary mediastinal large B-cell lymphoma, germinal center B cells, and diffuse large 
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Discussion
We have studied primary mediastinal large B-cell lymphoma for the expression of TP73L, a multiedged protein belonging to the p53 family, whose DN subtype is known to be involved in head and neck cancer. We analyzed TP73L expression at both protein and mRNA level, and showed that only the TA subgroup was present in primary mediastinal large B-cell lymphoma, in germinal center B cells and diffuse large B-cell lymphoma, and that primary mediastinal large B-cell lymphoma had the highest percentage of positive cases (100%) by immunohistochemistry and the highest levels of TP73L RNA; on the contrary, no case of classical Hodgkin's lymphoma was positive at the protein level. We also showed that RNA levels and isoform expression are different in primary mediastinal large B-cell lymphoma, germinal center B cells and diffuse large B-cell lymphoma. Two recent gene-expression profiling studies 22, 23 defined a subset of transcripts that distinguish primary mediastinal large B-cell lymphoma from diffuse large B-cell lymphoma, thus demonstrating that the two entities are nosologically distinct. The authors also found unexpected partial similarities in the expression profile between primary mediastinal large B-cell lymphoma and Hodgkin's lymphoma cell lines and microdissected Hodgkin-Reed-Sternberg cells. In accordance with these findings, some authors described the presence of so-called 'grayzone' lymphomas, showing features intermediate between classical nodular-sclerosis Hodgkin's lymphoma and primary mediastinal large B-cell lymphoma. 24, 25 Starting from this background, we demonstrated that TP73L really functioned as a watershed between the two related entities, because all primary mediastinal large B-cell lymphoma were TP73L-positive, while all classical Hodgkin's lymphoma were negative. Notably, in addition to primary mediastinal large B-cell lymphoma, TP73L appeared to be expressed in nearly all nodular lymphocyte-predominant Hodgkin's lymphoma, but not in classical Hodgkin's lymphoma.
The expression of TA-TP73L in primary mediastinal large B-cell lymphoma is consistent with its germinal center or post-germinal center molecular phenotype; in accordance, we showed that the mRNAs coding for the TA isoforms are the only ones present in normal germinal center cells, and by 4A4/CD20 double-staining non-neoplastic intrathymic B cells express TA-TP73L protein only. We could hypothesize that TA-TP73L is physiologically expressed in the normal cellular counterparts of primary mediastinal large B-cell lymphoma, and its expression is retained after lymphomatous transformation. Nevertheless, the total amount of TP73L is Splice-variant expression in the TA subgroup showed that primary mediastinal large B-cell lymphoma overexpresses all the isoforms of TP73L RNA (only b was expressed at levels similar to diffuse large B-cell lymphoma), and that the ratio between isoforms was different in primary mediastinal large B-cell lymphoma in comparison to the control groups. This is evidenced by the a/b ratio that was higher in primary mediastinal large B-cell lymphoma, especially if compared with diffuse large B-cell lymphoma, which appeared to be b-biased. On the other hand, the a/g ratio was lower in primary mediastinal large B-cell lymphoma, indicating a relative increase in the g isoform that can activate TP53 molecular targets. 29 The b/g ratio merits a mention in particular because germinal center B cells and diffuse large B-cell lymphoma had more b than g, while primary mediastinal large B-cell lymphoma showed an inverted ratio. Absolutely speaking, a was the most represented isoform, while the most upregulated one in primary mediastinal large B-cell lymphoma was g, which was more than 8-fold overexpressed in comparison to diffuse large B-cell lymphoma, and more than 115-fold in comparison to germinal center B-cells; indeed, this isoform appeared as the most interesting candidate marker for primary mediastinal large B-cell lymphoma. However, since the biological function of TP73L isoforms is poorly understood, and their function in lymphoid cells is unknown, the pathogenetic significance of differential variant expression is purely speculative. A 'back-up' upregulation due to TP53 mutations is not probable, considering that only a minority of primary mediastinal large B-cell lymphoma bear a mutated TP53 gene. 38 So far this has been the first study addressing TP73L expression in primary mediastinal large Bcell lymphoma and purified germinal center B-cells. We have shown that TP73L is detectable immunohistochemically in all cases of primary mediastinal large B-cell lymphoma, a feature that proved particularly useful in diagnostic practice, especially when mediastinal classical Hodgkin's lymphoma is considered as a differential diagnosis. The knowledge of TP73L variant usage in primary mediastinal large B-cell lymphoma and germinal center B cells provides the basis for further studies on the pathological and physiological role of this molecule.
